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A tfnethod for the preparation of polylactic acid 
microcapsules of controlled particle size and drug loading 

N. LEELARA5AMEE. 5. A HOWARDt. C. J. MALANGA 
and J. K. H MA J 

School of Pharmacy. We*t Virginia University. 
MorgQfltown, WV 26506> U.S.A. 

(Received 3 June 1987; accepted 30 June i9H7) 

A solvent partition technique for the microencapsulation of hydrocortisone- 
polylactic acid baa been developed for the preparation of m>cioctipsulc? of 
controlled particle size distribution and drug loading. The method involve? 
continuous injection of a drug-polymer solution with a syringe infusion pump 
into flowing mineral oil where microcapsules are formed as the aoWem of the 
drug-polymer is partitioned into the mineral oil. Uwng preselected syringe 
needle size and mechanical control of the mineral oil flow rate at the needle tip, 
microcapsules of consistent particle sixes and desired drug loadings were 
prepared. Microcapsules of different internal structures were also prepared by 
varying the solvent system for the drug-polymer preparation . Dissolution studies 
showed that at the same drug loading, the rate of the percentage drug release 
increased with decreasing particle size, and that at similar particle sae dbtri- 
bunoriK, the rate increased with increasing drufl loading. These results indicate 
thai both the particle size distribution, and the druo, loading must be controlled in 
a microencapsulation process to produee microcapsules of controlled drug release 
rate 



Introduction 

In recent drug formulation development, increased attention has been given to 
polymeric drug dO$0ge forms designed for targeted drug delivery and controlled 
drug release. Microencapsulation, by which a therapeutic agent is incorporated into 
a micromatrix, preferably a bioerodable polymer, remains a viable approach for the 
development of a parenteral dosage form. Among the bioerodable polymers, human 
serum albumin and poly-D^.Jactic acid hav« been widely rested for the encapsul- 
, otion of h number of therapeutic agenu such as steroids (Beck ei aL \ 983 , Benoit el ol 
19S6, Cavalier el ol 19$6), and anticancer drugs (Sugibayasht ti ai 1 979, Fujimoto 
« al 1985 a, Spenlehauer *t ai. 1986, Tsai el ai 1986). Microcapsules made from 
either albumin or polyiacticacid have been used in several conical studies (Fujimoto 
ct ol 1985 a, Ziyan and Ruiqui 193S). 

A drawback for the albumin microcapsules is that the microencapsulation 
process requires either the denatu ration of the protein by heating up to 1 70*0 or the 
Use of a cro8siinking agent such as glutaraldehyde to stabilize the microcapsules 
(Fujimoto ct ol. 1985 a). Studies have shown Vhat both treatments can lead to drug 
degradation, especially for anticancer drugs such as adriamycin (Cumming and 
WiHmott 1985) and mitomycin C (Mehta et ai, private communication 1957). On 

t Present address: Ortho Pharmaceutical Corporation, Research Laboratories, Raman, 
NJ 08869, U.S.A. 

J To whom correspondence should be addreapiid. 
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the other hand, polylactic acid, a nontoxic polymer of low cryatallinity, may be useij 
to prepare microcapsules where problems concerning drug degradation can Jb e 
avoided- Since polylactic acid undergoes slow hydrolytic degradation with rcporh» v 
in vivo half life in the range of 6-Z2 months (Makino el al f9$6), grub) 
microcapsules can be prepared with this polymer for sustained drug release action 

Microencapsulation of drug-loaded polylactic acid has been carried out primarily 
using otl-tn-water emulsion methods (Beck ct al 1983, Benotr et al 1986, Cavalier" 
et al. 1 986). The oil phase consists of drug and polymer in an organic solvent such as 
methylene chloride while the water phase contains a suitable emulsifier such ^ 
polyvinyl alcohol. The emulsion is first prepared by using cither a mechanical stirrer 
or ultrasonic vibrator. Formation of microcapsules is then achieved through solvent 
evaporation under reduced pressure. 

Although the procedure is simple, the consistency of the microcapsules in dru- 
loading and particle size distribution requires careful control of several parameters 
including drug solubility in the aqueous phase (Juni et al 1985, Chang et al. 198$ L 
Spenlehaucr et al. 1 986). oil phase viscosity (Spenlehauer et al. 1 986), concentration 
of emulsifying agents and the stirring rate (Benita et al. 1984, Chang et al. 19863 
Spenlehaucr et al 1986). For example, an increase in stirring speed and the" 
concentration of the emulsifying agent will produce smaller size microcapsule?. 
Furthermore, there is * common observation in those studies that an increase i; 
drug-polymer content results in larger microcapsule size accompanied by increase^ 
drug loading. Thus, it is difficult to prepare microcapsules with different drug 
loading having the same particle size distribution usinir the emulsion method Sine; 
both the size and the drug loading hove been implicated as the principal parameters 
for the control of drug release from the microcapsules {Higuchi 1963, Chung et at 
1986). we believe that a non-emulsion method in which the size and drug loading tag 
the microcapsules can be independently controlled will be of value. The presents 
Study reports a solvent partition method for the preparation of polylactic acui. 
microcapsules and the effects of particle siae and drug loading on the rate of drug 
release from the microcapsules containing hydrocortisone as a model drug. 



Experimental 

Preparation of hydroeOTthonc-polylactic acid microcQfymUs 

Poly-r>,L-lactic acid (mol. wt 33000; m.p. 150°C) was purchased from Pojy^ 
sciences. Inc., Warrington, Pennsylvania, U.S.A. Micronized hydrocortisone 
obtained from the Upjohn Company, Kalamazoo, Michigan, U.S.A. Light mineral 
oil N.F., methylene chloride and n-heptane were purchased from Fisher Scientific? 
An Allied Company, Fairlawn, New Jersey, U.S.A. Dimethyl isosorbide waV- 
obtaincd from ICI Americas Inc., Wilmington, Delaware, USA The microen- 
capsulation of hydrocortisone with polylactic acid was achieved based on a solvefi. 
partition method using methylene chloride and mineral oil. The drug-polymer 
mixture in methylene chloride or in a mixed solvent system containing methylene.- 
chloride, ethanol, and water was injected to form tiny droplets into the fiowin 
mineral oil. Since mineral oil is miscible with methylene chl oxide but doc$ riot 
dissolve the drug or the polymer, formation of drug-polymer microspheres occurrej? 
as the methylene chloride was extracted into the mineral oil. The above process was 
carried out using an apparatus designed in this laboratory, a diagram of which J* 
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Figure 1 . 



A diagram fur the microencapsulation process via solvent partition. The inlet* and 
outlet indicate the circulation of mineral oi) flow. 
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shown in figure 1 . This system provides a continuous flow of mineral oil via inlets A, 
B and C. The flow fate can be adjusted to control the particle size of the microcapsule 
formation and facilitate the separation of individual microcapsules during the 
... hardening process. 

For the preparation, a desired amount of drug was added into a 2 per cent w/w 
polymer solution in methylene chloride or in a mixed solvent system containing 
methylene chloride-ethanol-water (95*6 ; 40 -0*4) or methylene chloride-ethanol- 
• dimethyl isosorbidc (8 2 0; 1-6 : 164). The dru£-poiymcr mixture was then injected 
mto the mineral oil stream at a constant rate (3-6ml/h t Harvard Apparatus syringe 
pump, model 2681, MilUs, Massachusetts, U.S.A.) using fl selected hypodermic 
needle size (Syrinpe pipetinjj type D, Ummerncs, Anaheim, California. U.S.A.) 
The downward flow of mineral oil at the needle tip (sec figure t). which dictates, in 
part, che drbplcr size, was maintained at a constant rate through the flow rate control 
W both inlets A and B. The formation and hardening of the microcapsules were 
.completed at container E. The apparatus, in addition to the design shown in figure I , 
*Uo contained an automatic mineral oil recycling system which was composed of : { 1 ) 
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a filter unit to separate the hardened microcopy ules from the mineral oil; (2) a heal 
unit to rcmnvc methylene chloride from the mineral oil under reduced pressure- (J 
tank to store the heated mineral oil with the cooling untt; and (4) a tubing j>um 
(Masterflex model 7016, Cole-Palmer Instrument Company, Chicago, 
U.S A.) to re-circulatc the mineral oil back to the apparatus system. 

The particle eke of the microcapsules was controlled by both rhc needle $ij; e '( 
and the flow rate of mineral oil at the needle tip, wherca3 the drug loading \\ 
predetermined by the drug and the polymer content. For the present atuj 
microcapsules of three particle size distributions containing the same drug loab$ 
were prepared in triplicate for reproducibility. Microcapsules of similar particle "jjjf 
distribution but with different drug loading were also prepared. The fresfcj 
prepared microcapsules were washed twice with heptane and then kept in hepi^ 
overnight to remove any trace of organic solvents before allowing to dry. Then'ihf 
were further washed with distilled water for 15 minutes and dried in vacuo, 
prepared microcapsules were stored in closed container* in a vacuum desiccator 



Determination of drug hading 

The drug loading, which was expressed in weight of drug per total weight^ 
microcapsules, was determined in triplicate for each batch of microcapsules using 
uv diode way spectrophotometer (HP-8450A. Hewlett Packard. Palo Altg 
California. U S.A.) at 247 nm Th« sample* *er« analyzed as follows. Mict| 
capsule, lOmg in weight, from each batch were dissolved in 10ml methyk^e 
chloride. After complete dissolution, 40 ml distilled water was added and 
mixture was then stirred in a water bath maintained at 50°C. Afcer complcT 
evaporation of methylene chloride, the temperature was further raised to 75 C C fp 
5 min. The solution was then filtered and diluted to 100 mi in a volumetric flask fo 
measurement. The standards were prepared using known amounts of drug and blarl 
microcapsules in the same manner. 



Micrographs and th? determination of the particle iize distribution 

Photographs of the microcapsules were taken using a research microscoj) 
(Nikon, Japan) equipped with a 3Smm camera (Nikon, Japan). For particle sue 
distribution analysis, a stereomicroscopc equipped with an eyepiece scale (Nilcoft 
Japan) was used and the scale was calibrated at 40 x magnification (25 per stale 
unit). The samples were prepared by suspending 10 mg microcapsules from eai^ 
batch in 10ml mineral oif! To count and measure the size of the microcapsules^ 
plexiglass plate marked by rows and columns (10 * t0 blocks, 25 cm 2 ) was used festrr 
platform over which a 1 ml sample of the suspension was spread to form a untfor;^ 
single-layer of microcapsules. Individual microcapsules in each block were the 
counted and measured for size. Althnugh the microscopic observation indicates W 
microcapsules are spherical in shape, a spheroidal shape iy sometimes seen. In fr» 
case, the size measurement was all earned out by taking the avenge between tt\ 
longest and shortest values of the diameter. With the aid of the computers, th| 
particle size distribution was determined and expressed in mean diameter (fiS), 
+ standard deviation. The same data were also used to estimate the microcapsuj, 
densities. Individual microcapsule volume was determined from the measured feizS 
(diameter)* With the aid of a computer, the total volume of the microscope samples |{ 
known weight and thus the density, were then determined V ' L 
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Drug dissolution studies 

A dissolution bottle with a teflon-coated screw cap was filled with 20 ml pH 7-4 
phosphate buffer and rotated at 39r.p.m, (model SA7-2424, Ernest D. Menold, 
Lester, Pennsylvania, U.S.A.) in a water bath of constant temperature at 37°C. After 
the solution reached equilibrium temperature, microcapsules . wdffht equivalent to 
lmtt hydrocortisone, were added Into the bottle. Then the dissolution samples, 4 m) 
in size, were collected tit the appropriate time intervals. Collection of the samples was 
made using a disposable syringe equipped with 5/irn filtered needle. Sample 
replacement was made after each collection with the same volume of the dissolution 
medium maintained at 37°C. The frequency of sampling was predetermined to 
prevent the drug concentration in the medium from exceeding 10 per cent of its 
solubility and thus, maintain a perfect sink condition. Th* hydrocortisone con- 
centrations of the collected samples were determined spectrophotometries I y at 
247 nm. 

Results and discussion 

The microencapsulation technique reported in this study is based on a solvent 
partitioning phenomenon where, during the process, the solvent used for the drug - 
polymer mixture is being extracted by another solvent which has no solubility for the 
drug *wd polymer. This method allows one to prepare microcapsules of two types of 
drug distribution by proper selection of the solvent systems. A matrix type of 
microcapsule, in which the drug particles are randomly distributed in the polymer, 
can be obtained by using a single solvent system, whereas a reservoir type of 
microcapsule, in which the drug particles reside primarily at the centre core, may be 
papered by u»mg a mixed solvent system. 

This phenomenon is demonstrated in figure 2 via microscopic examinations of 
the polylactic acid-hydrocortisone microcapsules prepared using methylene 
chloride as a single solvent and mixed solvent systems containing methylene chloride 
as the principal solvent for the polymer. Figure 2(A) shows microcapsules obtained 
using methylene chloride as the single solvent. Figure 2(B) and (C) shows the 
microcapsules obtained from mixed solvent systems containing methylene chloride 
ethanol-water and methylene chloride-ethanol-dimethyl isosorbide, respectively. 
The dark areaa represent drug particles. Here, it is seen that figure 2(A) shows a 
matrix type of drug distribution, whereas figure 2 (B) and (C) shows microcapsules 
which exhibit a centre core with ehedeposit of drug crystals at and inside the centre 
core The reservoir structure is particularly clear for the microcapsules prepared in 
the mixed solvent system containing dimethyl ifcosorbide, a solvent which has high 
solubility for hydrocortisone and is water miscible. The formation of the reservoir 
type of drug distribution is achieved by the fact that the ethanol-water or ethanol- 
dirnenthyl isosorbide mixture is not miscible with mineral oil but has greater 
solubility for hydrocortisone. During the microencapsulation process, methylene 
chloride, the principle solvent for polylactic acid, is partitioned into mineral oil 
causing the solidification of the polymer around the droplet of the drug solution. 
Upon drying, drug particles arc forced to stay at the inner core of the microcapsules. 
The drying process may also cause deposit of drug particles at or near the inner side 
of the polymer wall, This is readily seen in microcapsules prepared from a solvent 
mixture of methylene chloride, cthanol, ond water. As shown in figure 2(B), the 
microcapsules are characterized by the presence of a centre rin« with deposits of d rug 
Particles. 
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The reservoir type of rn> crocapoulo was thought to be advantageous because a 
cheoretical model (Crank 1956) has predicted that such a system may exhibit zero- 
order drug release. However our study showed that the release curves for the 
reservoir type of microcapsule were similar to those of the matrix type, presumably 
due to the porous nature of the polylactic acid microcapsules. Furrhcr studies of the 
reservoir type of microcapsule are currently underway. The present study includes 
only the results obtained for the matrix type of microcapsule. 

Table 1 shows the composition and yield of the microcapsules prepared in 
triplicate at various particle size distributions. The overall yields of the microen- 
capsulation are well above 90 per cent and the incorporation of the drug into the 
microcapsules is about 70 per cent. The drug Josk h accounted for by the extensive 
u^hing procedures used to obtain the final product. The loading, however, is 
rcmiirlcnbly constant for all the preparations. 

Table 2 shows the particle size analysis and reproducibility via the control of 
mineral oil flow race and the needle size for the microcapsules prepared at similar 
diuyt loading. The results show thai reproducible particle size distributions of the 
microcapsules may be achieved by selected needle size and the mineral oil flow rate at 
the needle tip. While larger needle sire produces larger parncks, an increase in the 
oil flow vate reduces the particle size. By controlling these factors, microcapsules 
with diameters averaging 145, 221 and 390Vm were prepared. In each particle size 
distribution, the measured number of particles per iOmg of microcapsules and the 
microcapsule density arc within 9*0 per cent in variation among the three repeated 
preparations 

Figure 3 shows the effect of particle size on the rate of drug release from the 
polylactic acid-hydrocortisone microcapsules. Good reproducibility ot drug release 
curves wn$ obtained from microcapsules of the same size distribution. The rc-sulcs 
show that microcapsules of the smaller size exhibit a faster rate of drup release than 
those of the larger st^e. This ia expected since the total surface area of microcapsules 
is much higher for small particle size than for large particle size at a given weight. For 
the microcapsules having an average diameter of 1 45 fim. the amount of drug release 
wa,H found to reach 90 per cent of the total drug loading within 20 h. For the larger 

Table 1. Drug-polymer composition and yield of polylactic aod-hydroconisonc 









Drug loading 




Lor 


Polyluctic 


Hydrocortisone 


Calculated 


Observed 


Yield 


number 


acid (g) 


(R) 


(per cent w/w) (per cent w/w) 


(per cent w/w) 


SI 


0-202 


0050 


19 9 


13-0 


92-7 


82 


0201 


o-oso 


201 


n-2 




S3 


0-201 


o-oso 


201 


12-4 


92-t 


Ml 


0-201 


0-044 


180 


13*9 




M2 


0201 


0-044 


1B-0 


!3'4 


95-7 


M3 


0 201 


0044 


180 


13-4 


940 


U 


0 201 


0044 


180 


13-2 


92-5 


L2 


0201 


0044 


18*0 


127 
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O200 


0-044 


!S1 


124 
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Table 2. Analysis of particle jkc distribution of polylactic aod-hydrocorWo- 

microcaptiules. 



Lot 


Flow f Att 


Needle 


number 


(ml/min) 


fO)t 


SI 


14*5 


25 


52 


H-5 


25 


S3 


145 


25 


Ml 


9-0 


2S 


M2 


9^ 


25 


M3 


9-0 


2S 


tl 


90 


22S 


L2 


90 


22S 


U 


9-0 


22S 



Particle 
(mean±3.d.) 



144-3 + 606 
144 9 ±43 2 
1460±43-7 

2226 ±62 0 
2l»2±53-6 
221-4 + 530 

412-4+81-2 
37Vl±58-2 
38S 5±54 6 



Microcflpyules 



Number 
(10 m K ) 



DenRitv, 
(ft/ml) :? 



11020 
14363 
14606 

3470 
450O 
5104 

982 0-249? 
1157 0 29? ^ 
1140 0-276 



1 0« gauge of a needle mcwurcd by the oumde dmmeter (cross-action) of the nztfi 
shaft (Standard Stubb** En K lish wire gauge: 25 = 510 *m and 22S = 7t \ jim. 




line 



FiflUK 3 Dru« rclc*K profiles for the bydrocortisone-polytflctic ncid micmcapwUs^ 
* viious paraclc sue distribute. The !o«d,n« and parocle .« dmnbution of J, 
microcapsules arc given in table* 1 and 2. 
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f potylaccic acid-hydi'ocortisoneS 



Microcapsule* 



e size 
f *.<!.) 
n) 


Number 
(10m«) 


Density 
G?'ml] . 


c60-6 


It 020 


0365 


t43-2 


14363 


0-338 • 


b437 


14606 


0-342 


t62 0 


3470 


0 403 


K53 6 


4500 


0343 


tS30 


5104 


0-293 


tSl-2 


982 


0 249 ... 


f58-2 


1157 


0-297 . 


1:5*6 


1140 


0-276 



ttetcr (cross- section) of the needle; 
l and 22S=7U pm. 



S3 



13 



: 12 



— r— 

in 



c-polylactic acid microcapsules o^ ^ 
no* particle size distribution of the ^ 



microcapsules with diameters averaging 221 and 390 /im, the cumulative drug 
release for tOOh was found to be ubout 45 per cent and 15 pet cent respectively. A 
ditnilar particle siscc effect for the polylactk acid microcapsules bay been reported for 
pthec drug; system* (Suzuki and Price 1 985). The results of che present study, which 
suggest an exponential increase in drug release with decreasing particle size, are 
consistent with the prediction of a theoretical model developed by Higuchi (Higuchi 
1963) which has been used to describe the diffusion*! based drug release from 
polymeric matrices. For o spherical matrix, the drug release kinetics may be 
expressed by the following equation: 



1 -5{ i - U ~ MJAQ 2 ' 3 ) - MJM a =; Bt\ B - 3 CsDjr*A 



where M x and M a are the amounts of drug released at time t and infinite time 
respectively, and B is a constant which describes a combined effect of drug solubility 
in the release medium (Cs) t drug diffusivity (D), radius of the matrix (r 0 ), and the 
drug loading per unit volume of the matrix (A) on the rate of drug release. I( can be 
seen that the rate constant B is proportional to \lr\. 

The release curves shown in figure 3 were found to give a biphaaic linear 
relationship according to eqn (1) which corresponds to a fast firet stage and a slow 
second stage drug release from the microcapsules. From the linear plats, the values 
of B were determined for quantitative comparison of the rate of drug release from the 
microcapsules of different particle si*e distributions. Figure 4 show? the plot of log B 
versus log r Q for the particle size effect. Although the data are insufficient to verify the 
relationship that B is proportional l/r^, figure 4 clearly indicates an exponential 
increase in rate of druff release with decreasing particle size. The curvature plot 
?hows that at smaller particle sizes, the rate of drujR release is ia?ter than can be 
predicted by eqn (1). It should be emphasized that eqn (1) is ideal for systems where 



to 



o.s 



> 0 



t.j 



t * 



; %«fo 4. Krtict of* mierociipsufe particle S'Z* (r 0 « the avenge radius) on rhc rate constant 
B calculated from eqn. (1) for the first stage drug relive. 
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drug particle? arc relatively small in relation to the diffusional distance of & 
polymeric matrix, Microcapsules containing large drug particles or clusters of dx 
particles should exhibit an increased rate of drug release. This may be especially tr 
for microcapsule* of reduced sizes. Thus, in the microcapsule system, the partly 
size is perhaps not an independent variable, and that a change in particle size hi 
also change the difTusivjcy of the system. ? 

The present study shows that the release of hydrocortisone from the polyldtti' 
acid microcapsules is via the diffusion of the small molecule through the polymer' 
matrix. For an no n -diffusions I system as the ethylenc-vinyl Ac*»cate copolyrhc 
microcapsules of bovine serum albumin, the release of the macromolecules hay 
been ahown to increase with increasing particle size (Siege) end Longer 1984). 'f 

Figure 5 shows the rate of hydrocortisone release from microcapsules of simiji 
particle $i*c distribution but of different drug loading. The results show that the raV- 
of percentage <J rU g release increases with increasing drug loading. Previously, w\ 
have demonstrated the same drug loading effect using microcapsules of simil 
particle »Jze distribution (Leelorasamee el ci 1986). Thus, there »9 no doubt thiY 
both the loading and the particle size distribution arc key parameters for controlling 
the rate of drug release from the polylactie acid microcapsules. The present stu<T 
shows that both of these parameters «io be adequately controlled by the microcn. 
capsulation technique developed in thie laboratory. 




Figure 5. Drug release profiles for the hydrocortiHone-polyldCtic oc»d microcapsules with.; 
an average diamttw in the range of 200-223 ^cm and different drug loading (A) S O per, 
cent; (B) 8-2 per cent; (O 118 pei cent; CD) 1*9 per cent. 
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